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Reply to Horvath et al.
To the Editor:
The letter by Horvath et al. points out that the critical
value based on the asymptotic distribution of the dis-
equilibrium maximum-binomial likelihood (DMLB) test
(Huang and Jiang 1999) is anticonservative. They show,
on the basis of the exact critical values that they ob-
tained, for affected-sib-pair data and the models con-
sidered in the study by Huang and Jiang (1999), that
(1) when , the transmission/disequilibrium testd = 1p
(TDT [Falk and Rubinstein 1987; Terwilliger and Ott
1992; Spielman and Ewens 1993]) is more powerful than
the DMLB, except in one case; (2) when andd = .8p
, the TDT is more powerful than the DMLB; (3)p = m
when , the DMLB is, “on average,” more pow-d = .8p
erful than the TDT; and (4) when or , thed = .5 .3p
DMLB is more powerful than the TDT, except in one
case.
We thank Horvath et al. for carrying out the exact
calculation of the critical values of the DMLB and for
pointing out the anticonservativeness of the asymptotic
approximation used in our report. We agree that exact
calculation should be used whenever possible. There are
several points on which we would like to comment in
this reply. First, in our report, we did not suggest that
the DMLB should replace the TDT or any other linkage
test. However, we believe that, in addition to the existing
methods, the DMLB is an interesting approach when the
extent of linkage disequilibrium (LD) is unknown. Sec-
ond, we stated in our report that, when LD is maximum
or nearly so, the power of the DMLB and that of the
TDT are similar. The results by Horvath et al. show that,
when , although the TDT tends to be more pow-d = 1p
erful than the DMLB, the difference in power is often
not large. The median of the differences is .035; ∼75%
of the differences are !.05. The largest difference is .08,
which occurs in one case. Third, the letter by Horvath
et al. does not give a complete picture of the comparison.
They did not compare the power of the TDT versus that
of the DMLB, for any values of dp in the range 0 
. In this range, the DMLB is more powerful thand ! .3p
the TDT. When the extent of LD is unknown, mean-
ingful conclusions regarding the comparison of any two
linkage tests should be drawn on the basis of the con-
sideration of the full range of LD, not just part of the
range. Fourth, both our calculation and that by Horvath
et al. are approximate with respect to the original like-
lihood-ratio form of the DMLB (eq. [7]) in Huang and
Jiang 1999), because they are based on its score test
statistic.
Horvath et al. also mentioned the case of candidate-
gene study and the situation when LD is very weak. If
we know the amount of LD, we should build this in-
formation into the analysis. For instance, in a candidate-
gene study, we can fix the mixture parameter l at 1 and
0 for a two-sided test in the DMLB likelihood (l is
defined in Huang and Jiang 1999). If we know that LD
is very weak, we can let in the DMLB likelihood.l = .5
In either case, it results in reduced degrees of freedom
and increased power. However, the point of our report
is to adaptively detect linkage when the amount of LD
is unknown, such as when one is conducting a ge-
nomewide screen. The extent of LD may vary across
different chromosome regions. Because the DMLB tends
to be more powerful than the TDT when 0  d !∼ .8p
and only slightly less powerful than the TDT when
∼ , we believe that the overall conclusion of.8 ! d  1p
our report remains valid—that is, the DMLB has rela-
tively robust and good power behavior in comparison
with the TDT, when the whole range of LD is considered.
JIAN HUANG AND YANMING JIANG
Department of Statistics and Actuarial Science
University of Iowa
Iowa City
References
Falk CT, Rubinstein P (1987) Haplotype relative risks: an easy
reliable way to construct a proper control sample for risk
calculation. Ann Hum Genet 51:227–233
Huang J, Jiang Y (1999) Linkage detection adaptive to linkage
disequilibrium: the disequilibrium-maximum-likelihood-bi-
nomial test for affected sibship data. Am J Hum Genet 65:
1741–1759
Spielman RS, McGinnis RE, Ewens WJ (1993) Transmission
test for linkage disequilibrium: the insulin gene region and
insulin-dependent diabetes mellitus (IDDM). Am J Hum Ge-
net 52:506–516
Letters to the Editor 535
Terwilliger JD, Ott J (1992) A haplotype-based “haplotype
relative risk” approach to detecting allelic association. Hum
Hered 42:337–346
Address for correspondence and reprints: Dr. Jian Huang, Department of Sta-
tistics and Actuarial Science, 241 Schaeffer Hall, University of Iowa, Iowa City,
IA 52242. E-mail: jian-huang@uiowa.edu
 2000 by The American Society of Human Genetics. All rights reserved.
0002-9297/2000/6702-0037$02.00
